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(54) Three-dimensional stereolithographic method and apparatus 



(57) A stereolithographic method which connprises 
irradiating the surface (5) of a photohardenable resin 
composition with light (1) through an image drawing 
mask (3) capable of changing its mask image with the 
image drawing mask being moved in parallel to the sur- 
face of the photohardenable resin composition and the 



mask image of the image drawing mask being changed 
in synchronism with the movement of the image drawing 
mask according to the sectional shape pattern on the 
photohardened resin layer to be formed to form a pho- 
tohardened resin layer having a predetermined section- 
al shape pattern and a stereolithographic apparatus 
therefor. 
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Description 

[0001 ] The present application is based on Japanese 
Patent Application No. 2002-66399, the entire contents 
of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0002] The present invention relates to a three-dinnen- 
sional stereolithographicmethod and apparatus using a 
photohardenable resin composition. More particularly, 
the invention relates to a three-dinnensional stereolitho- 
graphic method and apparatus for producing various 
three-dimensionally shaped products having a size 
ranging from small size to large size from a photohard- 
enable resin composition with a high shaping precision 
and a good productivity at a high shaping rate without 
causing uneven curing. 

2. Related Art 

[0003] In recent years, a stereolithographic method 
and apparatus which produces a three-dimensionally 

shaped product by curing a photohardenable resin ac- 
cording to data inputted in athree-dimensional CAD has 
been put in practical use. This stereolithographic tech- 
nique has been highlighted because it can easily pro- 
duce a complicated three-dimensionally shaped prod- 
uct such as model for verifying the external design in the 
course of design, model for checking the functionality of 
parts, resin model for producing a mold and base model 
for producing a mold. 

[0004] I n order to produce a shaped product by a ster- 
eolithographic method, a method using a shaping bath 
has been generally employed. In some detail, a process 
has been widely employed which comprises preparing 
a shaping bath filled with a liquid photohardenable resin, 
and then repetitively effecting a step of selectively irra- 
diating the liquid photohardenable resin with spot ultra- 
violet laser beam which is controlled by a computer such 
that a desired pattern is provided on the liquid surface 
of the shaping bath so that it is photohardened to a pre- 
determined thickness to form a cured resin layer, a step 
of moving vertically the cured resin layer in the shaping 
bath so that the photohardenable resin in the shaping 
bath flows onto the cured resin layer to form a photo- 
hardened resin solution layer, and a step of irradiating 
the photohardenable resin solution layer with spot ultra- 
violet laser beam to form a cured resin layer until a three- 
dimensionally shaped product having a predetermined 
shape and dimension is obtained. 
[0005] However, the aforementioned related art meth- 
od involving the use of spot ultraviolet laser beam utiliz- 
es a so-called dot drawing process which comprises ir- 
radiating the surface of a photohardenable resin with 
one spot laser beam which is moving along the surface 



of the photohardenable resin to form a two-dimensional 
photohardened pattern and thus is disadvantageous in 
that it takes much time to shape the material, giving a 
lowered productivity. Further, since the ultraviolet laser 
5 device used as a light source is extremely expensive, 
this type of a three-dimensional stereolithographic ap- 
paratus is expensive, too. 

[0006] For the purpose of eliminating the aforemen- 
tioned disadvantages of the related art technique, a 

10 three-dimensional stereolithographic method using a 
linear exposure mask having optical shutters arranged 
in a row therein capable of controlling the screening of 
light at minute dot area has been proposed which com- 
prises controlling the optical shutters according to a pre- 

15 determined horizontal sectional shape data while scan- 
ning the exposure mask in a direction perpendicular to 
the orientation direction of the optical shutters to form 
sequentially one layer of photohardened resin layer 
(JP-A-4-305438). In accordance with this method, it is 

20 not necessarily required that as a light source there be 
used an expensive ultraviolet laser device. An inexpen- 
sive light source such as ordinary ultraviolet lamp may 
be used. Further, the shaping rate can be raised as com- 
pared with the a forementioned related art technique in- 

25 volving the use of spot ultraviolet laser beam. However, 
in accordance with this method, a step of forming a lin- 
ear photohardened portion one row by one row in the 
scanning direction of the exposure mask is repeated by 
a plurality of times to form one layer of sectional shape 

30 pattern. When the scanning speedof the exposure mask 
is raised, athoroughly photohardened portion cannot be 
formed one row by one row, making it necessary that 
the exposure mask be scanned slowly. Further, this 
method comprises sequentially forming a photohard- 

35 ened portion one row by one row to form a two-dimen- 
sional photohardened layer and thus takes much time 
to shape the material. Accordingly, this method cannot 
give a sufficiently high shaping rate and thus leaves 
something to be desired in productivity. 

40 [0007] As another method there is known a method 
which comprises disposing an image drawing mask 
formed by a liquid crystal shutter capable of screening 
and passing light atminute dot area fixed between the 
light source and the surface of a photohardenable resin 

"^5 composition, and then repetitively effecting a step of 
forming a mask pattern on the image drawing mask ac- 
cording to one layer of sectional shape pattern to be 
formed with the image drawing mask suspended, a step 
of irradiating the surface of the photohardenable resin 

50 composition with light through the mask pattern so that 
the photohardenable resin composition is cured to form 
one layer of sectional shape pattern, a step of supplying 
subsequent one layer of the photohardenable resin 
composition onto the photohardened sectional shape 

55 pattern, a step of forming a subsequent mask pattern 
on the image drawing mask according to one layer of 
sectional shape pattern to be formed with the image 
drawing mask suspended, and a step of irradiating the 
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surface of the photohardenable resin composition with 
light through the mask pattern so that the photoharden- 
able resin composition is cured to form subsequent one 
layer of sectional shape pattern to fomn a three-dimen- 

sionally shaped product. 

[0008] In accordance with this method, the irradiation 
of the surface of the photohardenable resin composition 
with light and the formation of one layer of photohard- 
ened sectional shape pattern are effected two-dimen- 
sionally at one time, making it possible to raise the ster- 
eolithographic building rate as compared with the afore- 
mentioned related art method involving the use of spot 
ultraviolet laser beam and the method disclosed in JP-A- 
4-305438 involving the use of a linear exposure mask 
having optical shutters arranged in a row therein capa- 
ble of controlling the screening of light at minute dot ar- 
ea. 

[0009] In order to produce a three-dimensionally 
shaped product by this method, it is necessary that the 
distance between adjacent minute dot areas projected 
on the surface of the photohardenable resin composi- 
tion from the image drawing mask be not greater than 
0.1 mm from the standpoint of shaping precision (reso- 
lution). It is therefore necessary that the number of pix- 
els be at least about 2, 500 x 2,500 dots for a shaping 
area size as small as 250 mm x 250 mm or at least about 
6,000 X 6,000 dots for a shaping area size as large as 
600 mm x 600 mm. However, there are no existing liquid 
crystal masks (liquid crystal shutters) or digital micro 
mirror shutters which satisfy the aforementioned reso- 
lution requirements. Even such a product, if any, is ex- 
tremely expensive. 

[0010] In accordance with this method involving the 
irradiation with the suspension of the fixed image draw- 
ing mask, the fineness of the exposed shape pattern is 
determined by the fineness (roughness) of the image 
drawing mask and the enlargement/reduction ratio of 
the pattern projected onto the surface of the photohard- 
enable resin composition through the image drawing 
mask. The smaller the enlargement ratio is (the greater 
the reduction ratio is), the smaller is the distance be- 
tween light dots on the surface of the photohardenable 
resin composition and the higher is the fineness of the 
sectional shape pattern thus formed. On the contrary, 
the greater the enlargement ratio is, the greater is the 
distance between light dots on the surface of the pho- 
tohardenable resin composition and the lower is the 
fineness of the sectional shape pattern thus formed. 
[001 1 ] Therefore, the aforementioned method involv- 
ing the fixing of the image drawing mask can difficultly 
produce a large-sized three-dimensionally shaped 
product having an excellent fineness (shaping preci- 
sion) and thus can be used only to the production of a 
small-sized three-dimensionally shaped product from 
the standpoint of fineness (shaping precision). 
[0012] For the purpose of eliminating the disadvan- 
tages of the aforementioned method involving the fixed 
image drawing mask to allow the production of a large- 



sized three-dimensionally shaped product using a 
small-sized liquid crystal shutter, JP-A-8-112863 pro- 
poses a method which comprises disposing a liquid 
crystal shutter (liquid crystal mask) capable of selective- 

5 ly passing or screening light such that they can run in 
parallel to the liquid level of a photohardenable resin 
along a plurality of divisions, and then repetitively effect- 
ing a step of moving the liquid crystal shutter to a first 
range in the divided running ranges, a step of irradiating 

10 the surface of the photohardenable resin composition 
with light through the liquid crystal shutter suspended 
with the light source provided in the rear of the liquid 
crystal shutter being moved over the range of the liquid 
crystal shutter to form a cured portion corresponding to 

15 the first division, a step of moving the liquid crystal shut- 
ter to a second range in the divided running ranges, a 
step of irradiating the surface of the photohardenable 
resin composition with light through the liquid crystal 
shutter suspended with the light source provided in the 

20 rear of the liquid crystal shutter being moved over the 
range of the liquid crystal shutter to form a cured portion 
corresponding to the second division, and a step of ef- 
fecting the aforementioned steps until one layer of pre- 
determined sectional shape pattern is formed on the 

25 surface of the photohardenable resin composition, until 
a predetermined three-dimensionally shaped product is 
formed. In this reference, the linear light source is con- 
figured to move on the liquid crystal shutter so that ex- 
posures are performed in a divided manner over the 

30 photohardenable resin composition. 

[0013] Further in JP-A-07-290578, it is disclosed that 
the divided exposures are performed with a linear liquid 
crystal shutter so as to form a predetermined pattern. 
[0014] However, the method disclosed in the above 

35 cited JF-A-8-1 12863 involves the repetition of a proce- 
dure of movement of the liquid crystal shutterto the first 
division in the running range, irradiation with the liquid 
crystal shutter suspended (formation of a photohard- 
ened portion on the surface of the photohardenable res- 

40 in composition), movement of the liquid crystal shutter 
to the second division in the running range, irradiation 
with the liquid crystal shutter suspended (formation of a 
photohardened portion on the surface of the photohard- 
enable resin composition), etc. causing the formation of 

45 one layer of cured sectional shape pattern and the rep- 
etition of this procedure over a plurality of layers to pro- 
duce a three-dimensionally shaped product. Thus, irra- 
diation is not effected while the liquid crystal shutter is 
moving to the various divisions in the running range. 

50 Therefore, in accordance with this method, exposure is 
not effected continuously but intermittently, lowering the 
shaping rate. Further, this method involves curing of the 
photohardenable resin composition with the liquid crys- 
tal shutter suspended in the various divisions in the run- 

55 ning range. Thus, the photohardenable resin composi- 
tion canbe easily cured discontinuously or unevenly at 
the border of these divisions in the running range. The 
resulting three-dimensionally shaped product is subject 
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to the occurrence of entire intensity spot, reduction of 
strength and deterioration of external appearance and 
dimensional precision. 

[0015] Asfortheotlier references, in JP-A-7-227909, 

it is disclosed tliat a planar exposure is perfornned with 
a nnasking device. However, it is not disclosed to nnove 
the nnasking device while exposing the light and to per- 
form exposures in divided manner over the photohard- 
enable resin composition. Japanese Patent No. 
2624239 suggests using a cathode-ray tube and a liquid 
crystal device as the masking device. 
[0016] An aim of the invention is to provide a three- 
dimensional stereolithographic method and apparatus 
which can produce a three-dimensionally shaped prod- 
uct regardless of the size thereof, i.e., even if it is small- 
sized, middle-sized or large-sized, with a high shaping 
precision at a high shaping rate and a good productivity 
while preventing the occurrence of uneven curing. 
[0017] Another aim of the invention is to provide a 
three-dimensional stereolithographic method and appa- 
ratus which can produce a high quality three-dimension- 
ally shaped product having a high shaping precision and 
free of uneven curing smoothly at a high shaping rate 
even if an inexpensive light source such as ordinary ul- 
traviolet lamp is used instead of expensive ultraviolet 
laser device. 

SUMMARY OF THE INVENTION 

[0018] The inventors made extensive studies to ac- 
complish the aforementioned aims of the invention. As 
a result, it was found thatwhen the production of a three- 
dimensionally shaped product involving the irradiation 
of the surface of a photohardenable resin composition 
with light through an image drawing mask to sequential- 
ly form photohardened resin layers having a predeter- 
mined sectional shape pattern is accomplished by a 
method which comprises irradiating the surface of the 
photohardened resin composition with light while mov- 
ing the image drawing mask with any suspension during 
irradiation with light and changing the mask image 
(mask pattern) of the image drawing mask according to 
apredetermined sectional shape pattern to be formed, 
thereby shapingthe photohardenable resin composition 
(irradiating the photohardenable resin composition with 
light while changing the mask image of the image draw- 
ing mask as in motion picture such as movie and tele- 
vision picture, thereby shaping the photohardenable 
resin composition), rather than by the aforementioned 
related art involving irradiation with light while fixing or 
suspending the image drawing mask, a three-dimen- 
sionally shaped product having a high quality can be 
produced regardless of the size thereof, i.e., even if it is 
small-sized, middle-sized or large-sized, with a high 
shaping precision at a higher shaping rate than in the 
aforementioned related art and a good productivity while 
preventing the occurrence of uneven curing. 
[001 9] The inventors also found that the employment 



of this method makes it possible to provide a three-di- 
mensional stereolithographic method and apparatus 
which can produce a high quality three-dimensionally 
shaped product having a high shaping precision and 
5 free of uneven curing smoothly at a high shaping rate 
even if an inexpensive light source such as ordinary ul- 
traviolet lamp is used instead of expensive ultraviolet 
laser device. 

[0020] The inventors further found that as the image 
10 drawing mask there is preferably used an image draw- 
ing mask having a plurality of minute optical shutters dis- 
posed two-dimensionally therein capable of screening 
and passing light at a minute dot area, particularly an 
image drawing mask having liquid crystal shutters or 
15 digital micro mirror shutters disposed two-dimensionally 
therein, and a condensing lens capable of moving in 
synchronism with the image drawing mask is preferably 
disposed between the light source and the image draw- 
ing mask and a projection lens capable of moving in syn- 
20 chronism with the image drawingmask is preferably dis- 
posed between the image drawing mask and the sur- 
face of the photohardenable resin composition. 
[0021] In some detail, the essence of the invention lies 
in: 

25 

(1) Amethod for preparing a three-dimensionally 
shaped product which comprises effecting repeti- 
tively in sequence a step of irradiating the surface 
of a photohardenable resin composition with light 

30 through an image drawing mask under control to 
form a photohardened resin layer having a prede- 
termined sectional shape pattern, a step of applying 
one layer of a photohardenable resin composition 
to the photohardened resin layer, and a step of ir- 

35 radiating the surface of the photohardenable resin 
composition with light through an image drawing 
mask under control to furtherform a photohardened 
resin layer having a predetemiined sectional shape 
pattern until a predetermined three-dimensionally 

40 shaped product is formed, wherein as the image 
drawing mask there is used an image drawing mask 
capable of changing mask image and the surface 
of the photohardenable resin composition is irradi- 
ated with light through the image drawing mask with 

45 the image drawing mask being moved in parallel to 
the surface of the photohardenable resin composi- 
tion and the mask image of the image drawing mask 
being changed in synchronism with the movement 
of the image drawing mask according to the sec- 

50 tional shape pattern of the photohardened resin lay- 
erto be formed to form a photohardened resin layer 
having a predetermined sectional shape pattern. 
The essence of the invention also lies in: 

(2) The three-dimensional stereolithographic meth- 
55 od according to Clause (1), wherein as the image 

drawing mask there is used an image drawing mask 
having a plurality of minute optical shutters dis- 
posed two-dimensionally therein capable of screen- 
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ing and passing light at a minute dot area and the 
surface of the photohardenable resin composition 
is irradiated with light with the mask image being 
changed by the plurality of minute optical shutters 
according to the sectional shape pattern to be 5 
formed during the continuous movement of the im- 
age drawing mask; 

(3) The three-dimensional stereolithographic meth- 
od according to Clause (2), wherein the image 
drawing mask is an image drawing mask having liq- io 
uid crystal shutters or digital micro mirror shutters 
disposed two-dimensionally therein; and 

(4) The three-dimensional stereolithographic meth- 
od according to any one of Clauses (1) to (3), 
wherein during the formation of one layer of photo- is 
hardened resin having a predetermined sectional 
shape pattern the rate of continuous movement of 
the image drawing mask and/or the change of the 
mask image of the image drawing mask is adjusted 
such that the dose at various sites on the sectional 20 
shape pattern are the same. 

The essence of the invention further lies in: 

(5) A three-dimensional stereolithographic appara- 
tus comprising: 

25 

a photohardenable resin composition supply- 
ing unit for sequentially supplying one layer of 
photohardenable resin composition onto a rest- 
ing table or a photohardened resin layer; 
a light source; 30 
an image drawing mask capable of changing 
the mask image; 

a moving unit for moving the image drawing 
mask in parallel to the surface of the photohard- 
enable resin composition; and 55 
a unit forchangingthemaskimageofthe image 
drawing mask in synchronism with the move- 
ment of the image drawing mask. 

The essence of the invention further lies in: 40 

(6) The three-dimensional stereolithographic appa- 
ratus according to Clause (5), wherein the image 
drawing mask is an image drawing mask having a 
plurality of minute optical shutters disposed two-di- 
mensionally therein capable of screening and pass- ^5 
ing light at a minute dot area; 

(7) The three-dimensional stereolithographic appa- 
ratus according to Clause (5) or (6), wherein the im- 
age drawing mask is an image drawing mask having 
liquid crystal shutters or digital micro mirror shutters so 
disposed two-dimensionally therein; and 

(8) The three-dimensional stereolithographic appa- 
ratus according to any one of Clauses (5) to (7), 
having a condensing lens capable of moving In syn- 
chronism with the image drawing mask between the 55 
light source and the image drawing mask and a pro- 
jection lens capable of moving in synchronism with 

the image drawing mask between the image draw- 



ing mask and the surface of the photohardenable 
resin composition. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] 

Fig. 1 is a diagram illustrating an example of the 
three-dimensional stereolithographic apparatus 
used in the invention; 

Fig. 2 is a diagram illustrating another example of 
the three-dimensional stereolithographic apparatus 

used in the invention; 

Fig. 3 is a diagram illustrating a further example of 
the three-dimensional stereolithographic apparatus 
used in the invention; 

Fig. 4 is a diagram illustrating an example of the 
three-dimensional stereolithographic method of the 
invention; and 

Fig. 5 is a diagram illustrating another example of 
the three-dimensional stereolithographic method of 
the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0023] The invention will be further described herein- 
after. 

[0024] The method of the invention comprises effect- 
ing repetitively in sequence a step of irradiating the sur- 
face of a photohardenable resin composition with light 
through an image drawing mask under control to form a 
photohardened resin layer having a predetermined sec- 
tional shape pattern, a step of applying one layer of a 
photohardenable resin composition to the photohard- 
ened resin layer, and a step of irradiating the surface of 
the photohardened resin composition with light through 
an image drawing mask under control to further form a 
photohardened resin layer having a predetermined sec- 
tional shape pattern until a predetemnined three-dimen- 
sionally shaped product is formed to produce a three- 
dimensionally shaped product. 

[0025] The aforementioned shaping process of the in- 
vention is normally accomplished by a shaping bath 
method which comprises repetitively effecting a step of 
disposing a shaping table in a shaping bath filled with a 
liquid photohardenable resin composition, a step of de- 
scending the shaping table to form one layer of a liquid 
photohardenable resin composition on the shaping ta- 
ble, a step of irradiating the layer of a liquid photohard- 
enable resin composition with light through an image 
drawing mask under control to form a photohardened 
resin layer (hereinafter referred to as "photohardened 
layer") having a predetemnined pattern and thickness, 
further descending the shaping table to fomn one layer 
of a liquid photohardenable resin composition on the 
photohardened layer surface of the shaping table, and 
a step of irradiating the layer of a liquid photohardenable 
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resin composition with light through an image drawing 
mask under control to form an integrated lamination of 
photohardened layers having a predetermined pattern 
and thickness. 

[0026] The aforementioned shaping process of the in- 
vention is accomplished by a method which comprises 
repetitively effecting a step of disposing a shaping table 
in a gas atmosphere, a step of applying one layer of a 
liquid, pasty, powdery or filmy photohardenable resin 
composition to the surface of the shaping table, a step 
of irradiating the layer of a photohardenable resin com- 
position with light through an image drawing mask under 
control to form a photohardened layer having a prede- 
termined pattern and thickness, a step of applying one 
layer of a liquid, pasty, powdery or filmy photohardena- 
ble resin composition to the surface of the shaping table, 
and a step of irradiating the layer of a photohardenable 
resin composition with light through an image drawing 
mask under control to form an integrated lamination of 
photohardenable resin composition having a predeter- 
mined pattern and thickness. In the case where this 
method is employed, a process maybe employed which 
comprises applying a photohardenable resin composi- 
tion to the shaping table with the shaping table or pho- 
tohardened resin layer facing upward, and then irradi- 
ating the photohardenable resin composition with light 
through an image drawing mask to laminate photohard- 
enable resin layers sequentially. Alternatively, a process 
may be employed which comprises applying a photo- 
hardenable resin composition layer to the surface or 
photohardened layer of the shaping table which are po- 
sitioned vertically or obliquely, and then irradiating the 
photohardenable resin composition layer with light 
through an image drawing mask to laminate photohard- 
enable resin layers sequentially. Alternatively, a process 
may be employed which comprises applying a photo- 
hardenable resin composition to the surface or photo- 
hardened layer of the shaping table with the shaping 
able or photohardened resin layer facing downward, 
and then irradiating the photohardenable resin compo- 
sition layer with light through an image drawing mask to 
laminate photohardened resin layer downward sequen- 
tially. In order to apply the photohardenable resin com- 
position to the surface or photohardened layer of the 
shaping table, a proper method such as blade coating, 
cast coating, roller coating, transfer coating, brush coat- 
ing and spray coating may be employed. 
[0027] In the invention, the aforementioned shaping 
process is effected as follows. As the image drawing 
mask there is used an image drawing mask capable of 
changing the mask image. The surface of the photo- 
hardenable resin composition is irradiated with light 
through the image drawing maskwith the image drawing 
mask being moved in parallel to the surface of the pho- 
tohardenable resin composition and the mask image of 
the image drawingmask being changed in synchronism 
with the movement of the image drawing mask accord- 
ing to the sectional shape pattern of the photohardened 



resin layer to be formed to form a photohardened resin 
layer having a predetermined sectional shape pattern. 
[0028] Here, the movement of the image drawing 
mask may be continuous. Also, the mask image of the 

5 image drawing mask may be continuously changed in 
accordance with the movement of the image drawing 
mask. 

[0029] The aforementioned three-dimensional stere- 
olithographic method of the invention can be smoothly 

10 carried out by the use of the three-dimensional stereo- 
lithographic apparatus of the invention which compris- 
es: 

a photohardenable resin composition supplying unit 
15 for sequentially supplying one layer of photohard- 
enable resin composition onto a resting table or a 
photohardened resin layer; 
a light source; 

an image drawing mask capable of changing the 
20 mask image, particularly an image drawing mask 
having a plurality of micro optical shutters (liquid 
crystal shutters, digital micro mirror shutters, etc.) 
disposed two-dimensionally therein capable of 
screening and passing light at a minute dot area; 
25 a moving unit for moving the image drawing mask 
in parallel to the surface of the photohardenable 
resin composition; and 

a unit for changing the mask image of the image 
drawing mask in synchronism with the movement 
30 of the image drawing mask. 

[0030] The unit and method for moving the image 
drawing mask in parallel to the surface of the photohard- 
enable resin composition are not specifically limited. 
35 With a linear guide, shaft, flat bar or the like as a guide, 
drive can be transmitted via ball screw, trapezoidal 
thread, timing belt, rack and pinion, chain or the like. As 
the driving source there may be used an AC servo mo- 
tor, DC servo motor, stepping motor or the like. Alterna- 
te lively, a linear motor system which acts both as a guide 
and a drive may be used. Further, the forward portion of 
the arm of an articulated robot may be used. Thus, the 
movement of this system can be accomplished by the 
use of an arbitrary unit and method. 
45 [0031] The direction and velocity of continuous move- 
ment of the image drawing mask during stereolitho- 
graphic building is controlled or adjusted by a computer 
or the like according to the kind of the light source, the 
intensity of light incident on the surface of the photo- 
50 hardenable resin composition, the surface area of the 
photohardenable resin composition to be exposed 
through the image drawing mask (exposed area), the 
shape of the sectional shape pattern to be formed, the 
kind of the photohardenable resin composition used, the 
55 photohardening properties of the photohardenable resin 
composition used, the exposure time required to form a 
photohardened resin layer, etc. In general, by moving 
the image drawing mask linearly and continuously at a 
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constant velocity from one end of the exposed area on 
the surface of the photohardenable resin composition to 
the other in parallel to the surface of the photohardena- 
ble resin composition, the dose of light incident on the 
surface of the photohardenable resin composition can 
be easily controlled uniformly. 

[0032] Here, the movement of the image drawing 
mask may be continuous. Also, the mask image of the 
image drawing mask may be continuously changed. In 
order to continuously (animatedly) change the mask im- 
age of the image drawing mask in synchronism with the 
continuous movement of the image drawing mask, it is 
effective to store data on the mask image to be formed 
through the image drawing mask in a computer or the 
like according to the contents of the sectional shape pat- 
tern to be formed, the velocity of continuous movement 
of the image drawing mask, etc. and continuously 
change the mask image of the image drawing mask ac- 
cording to the date. 

[0033] As the image drawing mask to be used in the 
invention there is preferably used an image drawing 
mask having a plurality of minute optical shutters dis- 
posed two-dimensionally therein capable of screening 
and passing light at a minute dot area. Specific exam- 
ples of such an image drawing mask include liquid crys- 
tal shutter and digital micro mirror shutter. The liquid 
crystal shutter and digital micro mirror shutter which are 
preferably used as an image drawing mask in the inven- 
tion have already been used in other arts (e.g., televi- 
sion, personal computer, projector, car navigator, cellu- 
lar telephone) as units capable of forming continuous 
(animated) images. 

[0034] Such an image drawing mask is preferably a 
planar square or rectangular image drawing mask hav- 
ing a plurality of minute optical shutters juxtaposed two- 
dimensionally (in X-Y direction) therein capable of 
screening and passing light at a minute dot area. The 
number of minute optical shutters (pixels) disposed in 
the image drawing mask is not specifically limited but 
may be arbitrary as conventionally known. Examples of 
the liquid crystal shutter (liquid crystal display element) 
employable herein include QVGA (number of pixels = 
320 dots x 240 dots), VGA (number of pixels = 640 dots 
x 480 dots), SVGA (number of pixels = 800 dots x 600 
dots), UXGA (number of pixels = 1 ,024 dots x 768 dots), 
and QSXGA (number of pixels = 2,560 dots x 2,648 
dots), which have been heretofore widely commercially 
available. 

[0035] As the digital micro mirror shutter there may be 
used Digital Mirror Device (DMD: trade name) of 
" Digital Light Processing (DLP) Technology" (trade 
name), produced by Texas Instruments Incorporated, or 
the like. 

[0036] The image drawing mask formed by the afore- 
mentioned liquid crystal shutter or digital micro mirror 
shutter which is preferably used in the invention uses 

the aforementioned plurality of minute optical shutters 
to screen and/or pass light according to the sectional 



shape pattern to be formed during the continuous move- 
ment of the image drawing mask, making it possible to 
continuously change the mask image as animation such 
as television picture and motion picture. In this manner, 

5 light corresponding to the mask image (animated mask 
image) which changes continuously while continuously 
moving is continuously incident on the surface of the 
photohardenable resin composition at continuously 
moving points so that the surface of the photohardena- 

10 ble resin composition thus irradiated with light is contin- 
uously cured to form one predetermined layer of sec- 
tional shape pattern. 

[0037] In the case of related art technique involving 
irradiation of the surface of the photohardenable resin 

15 composition with light in such an arrangement that the 
pixel pitch (distance between adjacent pixels) on the 
surface of the photohardenable resin composition is 
predetermined to be 0.1 mm (shaping precision required 
for stereolithographic building) with the operation of the 

20 above exemplified liquid crystal shutter being suspend- 
ed, the size of exposed area Is 32 mm x 24 mm for QV- 
GA, 64 mm x 48 mm for VGA, 80 mm x 60 mm for SVGA, 
1 02.4 mm x 76.8 mm for UXGA or 256 mm x 264.8 mm 
for QSXGA. Thus, the related art technique can difficult- 

25 ly produce three-dimensionally shaped product which is 
as large as greater than 300 mm as calculated in terms 
of size of one side of the exposed area (sectional shape 
pattern) . On the contrary, in the case of the method of 
the invention, the aforementioned commercially availa- 

30 ble liquid crystal shutter or the like is used as an image 
drawing mask. The surface of the photohardenable res- 
in composition is irradiated with light through the image 
drawing mask with the image drawing mask being con- 
tinuously moved in parallel to the surface of the photo- 

35 hardenable resin composition and the mask image 
formed by the liquid crystal shutter being continuously 
and animatedly changed in synchronism with the move- 
ment of the liquid crystal shutter. Thus, the size of the 
exposed area (sectional shape pattern) is not limited, 

40 making it possible to form a photohardened sectional 
shape pattern having an arbitrary size, Accordingly, the 
method of the invention can easily produce even three- 
dimensionally shaped product which is as large as 
greater than 300 mm as calculated in terms of size of 

45 one side of the exposed area with a high shaping pre- 
cision and a good productivity at a high shaping rate. 
[0038] The light source is disposed in the rear of the 
image drawing mask. The light from the light source is 
incident on the surface of the photohardenable resin 

50 composition through the image drawing mask. The kind 
of the light source is not specifically limited. Any light 
source which can be used in three-dimensional stereo- 
lithographic building may be used. Examples of the light 
source employable herein include xenon lamp, metal 

55 halide lamp, mercury vapor lamp, fluorescent lamp, hal- 
ogen lamp, incandescent lamp, Ar laser, He-Cd laser 
and LD laser (semiconductor-excited solid state laser) , 
In particular, the method of the invention can employ an 
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inexpensive general-purpose light source such as xe- 
non lamp, metal halide lamp, mercur/ vapor lannp, fluo- 
rescent lamp, halogen lamp and incandescent lamp 
rather than expensive light sources such as laser device 
which have been heretofore used in three-dimensional 
stereolithographic building, making it possible to render 
the three-dimensional stereolithographic apparatus in- 
expensive and easily usable. 

[0039] The shape, size and number of light sources 
are not specifically limited and may be properly prede- 
termined according to the shape and dimension of the 
image drawing mask, the shape and size of the photo- 
hardened sectional shape pattern to be formed, etc. The 
light source to be used herein may be spot, spherical, 
rod or flat. Alternatively, spot or spherical light sources 
may be arranged linearly in a row or a plurality of rows 
in the rear of the image drawing mask. 
[0040] The light source may be provided in the rear of 
the image drawing mask in such an arrangement that it 
can move continuously with the image drawing mask. 
Alternatively, the light source may be provided fixed to 
a position for the purpose of enhancing the shaping pre- 
cision and shaping rate, reducing the weight of the ap- 
paratus and improving the maintenance and the light 
from the light source may be introduced into the rear of 
the image drawing mask through an optical fiber, light 
guide or other optical transmitting units which are pro- 
vided in such an arrangement that they can move con- 
tinuously with the image drawing mask. 
[0041 ] Further, forthe purpose of enhancing the shap- 
ing rate, a system may be employed which comprises 
converging light from a plurality of light sources to en- 
hance light energy. This system is advantageous in that 
light from a plurality of light sources can be easily con- 
verged particularly when an optical fiber or light guide is 
used. 

[0042] In the invention, for the purpose of enhancing 
the shaping precision and shaping rate, reducing the 
weight of the apparatus and the apparatus cost and im- 
proving the maintenance, a unit for fairly introducing 
light from the light source into the image drawing mask 
(e.g., condensing lens, fresnel lens) or a unit for irradi- 
ating the surface of the photohardenable resin compo- 
sition with light of mask image formed by the image 
drawing mask (optical image transmitted by the image 
drawing mask) on predetermined positions with a high 
shaping precision (e.g., projection lens, projector lens) 
is preferably provided according to the kind, shape and 
numberof light sources disposed in the rear of the image 
drawing mask, the shape and size of the image drawing 
mask, etc. Such a unit is preferably arranged movable 
continuously in synchronism with the continuous move- 
ment of the image drawing mask. 
[0043] The kind of the photohardenable resin compo- 
sition to be used in the invention is not specifically lim- 
ited. Any of liquid, pasty, powdery and filmy photohard- 
enable resin compositions for use in stereolithographic 
building may be used. 



[0044] As the photohardenable resin composition to 
be used in the invention there may be used a photohard- 
enable resin composition which has heretofore been 
used in stereolithographic building, e.g., composition 

5 comprising one or more of various oligomers such as 
urethane aery late oligomer, epoxyacrylate oligomer, es- 
ter acrylate oligomer and polyfu notional epoxy resin; 
various monofunctional vinyl compounds such as acryl- 
ic compound (e.g., isobornyl acrylate, isobornyl meth- 

10 acrylate, dicyclopentenyl acrylate, dicyclopentenyl 
methacrylate, dicyclopentenyloxyethyl acrylate, dicy- 
clopentenyloxyethyl methacrylate, dicyclopetanyl acr- 
ylate, dicyclopetanyl methacrylate, bornyl acrylate, bor- 
nyl methacrylate, 2-hydroxyethyl acrylate, cyclohexyl 

15 acrylate, 2-hydroxypropyl acrylate, phenoxyethyl acr- 
ylate, morpholine acrylamide, morpholine methacryla- 
mide, acrylamide), N-vinylpyrrolidone, N-vinylcaprol- 
actam, vinyl acetate and styrene; polyfunctional vinyl 
compounds such as trimethylolpropane triacrylate, eth- 

20 yiene oxide-modified trimethylolpropane triacrylate, eth- 
ylene glycol diacrylate, tetraethylene glycol diacrylate, 
polyethylene glycol diacrylate, 1 ,4-butanediol diacr- 
ylate, 1 ,6-hexanediol diacrylate, neopentyl glycol diacr- 
ylate, dicyclopentanyl diacrylate, polyester diacrylate, 

25 ethylene oxide-modified bisphenol A diacrylate, pen- 
taerythrito I triacrylate, pentaerythritol tetraacrylate, pro- 
pylene oxide-modified trimethylolpropane triacrylate, 
propylene oxide-modified bisphenol A diacrylate and tris 
(acryloxyethyl) isocyanurate; and various epoxy-based 

30 compounds such as hydrogenated bisphenol A diglyci- 
dyl ether, 3,4-epoxycyclohexylmethyl-3,4-epoxycy- 
clohexane carboxylate, 2-(3,4-epoxycyclohexyl- 
5,5-spiro-3,4-epoxy) cyclohexane-metha-di oxane, bis 
(3,4-epoxycylohexylmethyl)adipate, a photopolymeiza- 

35 tion initiator, and optionally a sensitizer. 

[0045] The photohardenable resin composition to be 
used in the invention may comprise a leveling agent, a 
surface active agent other than phosphoric acid ester- 
based surface active agent, an organic polymer modifi- 

40 er, an organic plasticizer, etc. incorporated therein be- 
sides the aforementioned components as necessary. 
[0046] The photohardenable resin composition to be 
used in the invention may comprise a filler such as par- 
ticulate solid material and whisker incorporated therein 

45 as necessary. The use of a photohardenable resin com- 
position comprising a filler incorporated therein makes 
it possibleto lessen the volume shrinkagethereof during 
photohardenable, thereby improving the dimensional 
precision, mechanical properties and heat resistance of 

50 the photohardened resin composition. 

[0047] Examples of the particulate solid material to be 
used as a filler include particulate inorganic materials 
such as particulate carbon black, and particulate organ- 
ic polymers such as particulate polystyrene, particulate 

55 polyethylene, particulate polypropylene, particulate 
acrylic resin and particulate synthetic rubber. One or 
more of these particulate solid materials may be used. 
The particle diameter of the particulate solidmaterial is 
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not specifically limited but is preferably not greater than 
200 jim, particularly not greater than 100 |xnn. 
[0048] As the whisker to be used as a filler there is 
preferably used one having a diameter of from 0.3 to 1 
jim, particularly from 0.3 to 0.7 jim, a length of from 10 
to 70 jxm, particularly from 20 to 50 jxm, and an aspect 
ratio of from 1 0 to 1 00 p,m, particularly from 20 to 70 ^tm. 
The term "dimension and aspect ratio of whisker" as 
used herein is meant to indicate dimension and aspect 
ratio measured using a laser analysis/scattering particle 
size distribution measuring instrument. The kind of the 
whisker is not specifically limited. Examples of the 
whisker employable herein include aluminum borate- 
based whisker, aluminum oxide-based whisker, alumi- 
num nitride-based whisker, magnesium sulfate oxide- 
based whisker, and titanium oxide-based whisker. One 
or more of these whiskers may be used. 
[0049] In the case where a photohardenable resin 
composition comprising a particulate solid material and/ 
or whisker incorporated therein is used, the particulate 
solid material andthe whisker are preferably incorporat- 
ed in the photohardenable resin composition in an 
amount of from 5 to 70% by volume and from 5 to 30% 
by volume, respectively. In the case where both the par- 
ticulate solid material and whisker are incorporated in 
the photohardenable resin composition, the total con- 
tent of the two components is preferably from 1 0 to 75% 
by volume based on the total volume of the photohard- 
ened resin layer. 

[0050] The particulate solid material and/or whisker 

may or may not be subjected to surface treatment with 
a silane coupling agent but is preferably subjected to 
surface treatment. The use of the particulate solid ma- 
terial and/or whisker subjected to surface treatment with 
a silane coupling agent makes it possible to obtain a 
photohardened product having a higher heat deforma- 
tion temperature, flexural modulus and mechanical 
strength. As the silane coupling agent to be used herein 
there may be used any silane coupling agent which has 
heretofore been used in surface treatment of fillers. Pre- 
ferred examples of the silane coupling agent employa- 
ble herein include aminosilane, epoxysilane, vinylsi- 
lane, and (meth)acrylsilane. 

EXAMPLES 

[0051] The invention will be further described in con- 
nection with the attached drawings, but the invention is 
not limited to those shown in the drawings. 
[0052] Figs. 1 to 3 illustrate a specific example of an 
essential part of a three-dimensional stereolithographic 
apparatus (stereolithographic apparatus) used in the 
three-dimensional stereolithographic method (stereo- 
lithographic method) of the invention. Figs. 4 and 5 il- 
lustrate theprocess (operatingprocedure) of stereolitho- 
graphic building using the stereolithographic apparatus 
shown in Figs. 1 to 3 according to the method of the 
invention. 



[0053] In Figs. 1 to 5, the reference numeral 1 indi- 
cates a light source, the reference numeral 2 indicates 
a condensing lens, the reference numeral 3 indicates 
an image drawing mask wherein the reference numeral 

5 3a indicates an image drawing mask having liquid crys- 
tal shutters disposed two-dimensionally therein (herein- 
after occasionally referred to as "liquid crystal image 
drawing mask") andthe reference numeral 3b indicates 
an image drawing mask having digital micro mirror shut- 

10 ters disposed two-dimensionally therein (hereinafter oc- 
casionally referred to as "DMD image drawing mask"), 
the reference numeral 4 indicates a projection lens, the 
reference numeral 5 indicates a shaping surface (one 
layer of shaping surface) formed by the surface of a pho- 

15 tohardenable resin composition wherein the reference 
numeral 5a indicates one end of the shaping surface 
and the reference numeral 5b indicates the other end of 
the shaping surface, the reference numeral 6 indicates 
an exposed image (photohardened resin layer) formed 

20 on the shaping surface, and the reference numeral 7 in- 
dicates a light transmitting unit such as optical fiber and 
light guide. 

[0054] As shown in Figs. 1 to 5, light from the light 
source 1 is applied to the entire surface of the image 
25 drawing mask 3 (3a, 3b, etc.) through the condensing 
lens 2. 

[0055] During this procedure, light from the light 
source 1 disposed in the rear of the condensing lens 2 
may be directly introduced into the condensing lens 2 

30 as shown in Figs. 1 and 2. Alternatively, as shown in Fig. 
3, light from the light source 1 disposed remote from the 
condensing lens 2 may be introduced into the condens- 
ing lens 2 through the light transmitting unit 7 such as 
optical fiber and light guide. 

35 [0056] In the case of the system shown in Figs. 1 and 
2 comprising the light source 1 disposed in the rear of 
the condensing lens 2, the light source 1 moves contin- 
uously in the scanning direction with the condensing 
lens 2, the image drawing mask 3 (3a, 3b, etc.) and the 

40 projection lens 4 during stereolithographic building. 
[0057] Alternatively, in the case where light from the 
light source 1 is introduced into the backside of the con- 
densing lens 2 through the light transmitting unit 7 such 
as optical fiber and light guide as shown in Fig. 3, it may 

45 be arranged such that the flexible light transmitting unit 
7 such as optical fiber and light guide moves continu- 
ously in the scanning direction with the condensing lens 
2, the image drawing mask 3 (3a, 3b, etc.) and the pro- 
jection lens 4 during stereolithographic building with the 

50 light source 1 being disposed fixed to a predetermined 
position. 

[0058] The kind and shape of the light source 1 are 
not specifically limited. For example, the light source 1 
maybe a light source having a round light-emitting por- 
55 tion as shown in Figs. 1 to 4 or may be a rod-shaped 
light source having a horizontally long (or vertically long) 
light-emitting portion as shown in Fig, 5. Alternatively, 
the light source 1 may be a light source having other 
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shapes which are not shown. 

[0059] During the stereolithographic building process, 
a predetermined nnasl< innage which changes continu- 
ously with the movement of the image drawing mask ac- 
cording to the sectional shape pattern on the photohard- 
ened resin layer to be formed is animatedly formed on 
the image drawing masl< 3 (3a, 3b, etc.). In this arrange- 
ment, the light which has been applied to the entire sur- 
face of the image drawing mask 3 (3a, 3b, etc.) through 
the condensing lens 2 is passed through or screened 
(reflected (in the case of DMD image drawing mask)) by 
a predetermined mask image which changes continu- 
ously and momentarily with the image drawing mask 3 
(3a, 3b, etc.). Only the light passing through the un- 
masked (unshielded) portion is then applied to the shap- 
ing surface 5 on the photohardenable resin composition 
through the projection lens 4 to form an exposed image 
(photohardened portion) 6 having a predetermined 
shape pattern on the shaping surface 5. 
[0060] The shape of the image drawing mask 3 (3a, 
3b, etc.) is not specifically limited and may be properly 
determined depending on the shape and dimension 
(particularly sectional shape and dimension) of the op- 
tically shaped product to be produced. The image draw- 
ing mask 3 (3a, 3b, etc.) may be square or substantially 
square as shown in Figs. 1 to 4, rectangular as shown 
in Fig. 5 or in any other forms. 

[0061] The dimension of the image drawing mask 3 
(3a, 3b, etc.), too, may be properly determined depend- 
ing on the shape and dimension (particularly sectional 
shape and dimension) of the optically shaped product 
to be produced. The image drawing mask 3 (3a, 3b, etc.) 
may have a width smaller than the total width of the pre- 
determined photohardened sectional shape pattern to 
be formed (total width of shaping surface) as shown in 
Figs. 1 to 4. Alternatively, as shown in Fig. 5, the image 
drawing mask 3 (3a, 3b, etc.) may have a width covering 
the total width ofthepredetemiined photohardened sec- 
tional shape pattern to be formed (total width of shaping 
surface). 

[0062] I n the case where as the image drawing mask 
3 there is used a liquid crystal image drawing mask 3a, 
the three-dimensional stereolithographic apparatus is 
designed such that an operation in which among the plu- 
rality of minute liquid crystal shutters disposed in the liq- 
uid crystal image drawing mask 3a, those positioned at 
sites through which light should pass open to allow the 
passage of light while those positioned at sites where 
light should be screened close to prevent the passage 
of light according to data stored in a computer or the like 
and the predetermined sectional shape to be formed in 
response to the continuous movement of the liquid crys- 
tal image drawing mask3a is repeated continuously (an- 
imatedly) until a photohardened resin layer having a pre- 
determined sectional shape is formed. 
[0063] In the case where as the image drawing mask 
3 there is used a DMD image drawing mask 3b, the 
three-dimensional stereolithographic apparatus is de- 



signed such that an operation in which among the plu- 
rality of minute mirror shutters disposed in the liquid 
crystal image drawing mask 3b, specific min^or shutters 
are positioned in a direction such that light is reflected 
5 (introduced into) toward the projection lens 4 and the 
light transmitting surface 5 while those positioned at 
sites where light should be screened are oriented in a 
direction such that light is not reflected (introduced into) 
toward the projection lens 4 and the light transmitting 
10 surface 5 according to data stored in a computer or the 
like and the predetermined sectional shape to be formed 
in response to the continuous movement of the DIVID 
image drawing mask 3b is repeated continuously (ani- 
matedly) until a photohardened resin layer having a pre- 
15 determined sectional shape is formed. 

[0064] The three-dimensional stereolithographic ap- 
paratus shown in Figs. 1 to 5 are designed such that the 
light source 1 or the light transmitting unit 7, the con- 
densing lens 2, the image drawing mask 3a or 3b and 
20 the projection lens 4 move integrally and continuously 
with the aid of a moving unit (not shown) in parallel to 
the shaping surface 5 (surface of the photohardenable 
resin composition) during the stereolithographic build- 
ing process involving the irradiation of the surface of the 
25 photohardenable resin composition with light resulting 
in the formation of a photohardened resin layer (They 
move continuously in the direction of arrow in Figs. 1 to 
5). 

[0065] The shaping surface 5 (surface of the photo- 
30 hardenable resin composition) is irradiated with light 
with the mask image (mask pattern) of the image draw- 
ing mask 3 (3a, 3b, etc.) being animatedly and continu- 
ously according to data on the mask image stored in a 
computer or the like, e.g., according to a predetermined 
35 sectional shape pattern on the photohardened resin lay- 
er to be formed as shown in Figs. 4 and 5, in synchro- 
nism with the continuous movement of the image draw- 
ing mask 3 (3a, 3b, etc.) as mentioned above to contin- 
uously form a photohardened resin layer having a pre- 
40 determined sectional shape (exposed image 6). 

[0066] Fig. 4 illustrates a continuous procedure of 
stereolithographic building according to the invention 
using an image drawing mask 3 having a width which is 
smaller (about half the width of the shaping surface 5 in 
45 Fig. 4) than the total width of the predetermined photo- 
hardened sectional shape pattem to be formed (ex- 
posed image 6) or the shaping surface 5. 
[0067] Firstly, at the beginning of stereolithographic 
building, these units are positioned such thatthe forward 
50 end of light which has been transmitted by the image 
drawing mask 3 and the projection lens 4 reaches the 
end 5a of the shaping surface 5 as shown in Fig. 4 (1), 
Subsequently, the light source 1 (or light transmitting 
unit 7), the condensing lens 2, the Image drawing mask 
55 3 and the projection lens 4 are continuously moved to 
the other end 5a in parallel to the shaping surface 5 as 
shown in Figs. 4 (2) to (5), During this procedure, the 
mask image formed by the image drawing mask 3 
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shows a continuous and aninnated change according to 
the predetermined sectional shape pattern to be formed, 
Light corresponding to the mask image is then applied 
to the shaping surface 5 to form an exposed image 6. 
When the aforementioned stereolithographic building 
process proceeds to the stage shown in Fig. 4 (5), the 
exposed image 6 has been formed by half the width of 
thepredetermined sectional shape pattern to be formed. 
At this stage, the light source 1 (or light transmitting unit 
7), the condensing lens 2, the image drawing mask 3 
and the projection lens 4 are moved to the position cor- 
responding to the other half width of the shaping surface 
5 where the aforementioned stereolithographic building 
procedure is repeated from the end 5b to the end 5a of 
the shaping surface 5 as shown in Figs. 4 (6) to (1 0). In 
this manner, one layer of photohardened resin layer 
having a predetermined sectional shape pattern to be 
formed (exposed image 6) is formed. 
[0068] Fig. 5 illustrates a continuous procedure of 
stereolithographic building according to the invention 
using an image drawing masks having a width which is 
the same as or substantially the same as the total width 
of the predetermined photohardened sectional shape 
pattern to be formed (exposed image 6) or the shaping 
surface 5. 

[0069] Firstly, at the beginning of stereolithographic 
building, these units are positioned such thattheforward 
end of light which has been transmitted by the image 
drawing mask 3 and the projection lens 4 reaches the 
end 5a of the shaping surface 5 where no exposed im- 
age 6 is formed on the shaping surface 5 as shown in 
Fig. 5 (1 ). Subsequently, the light source 1 , the condens- 
ing lens 2, the image drawing masks and the projection 
lens 4 are continuously moved to the other end 5a on 
the shaping surface 5 in parallel to the shaping surface 
5 as shown in Figs. 5 (2) to (5). During this procedure, 
the mask image formed by the image drawing mask 3 
shows a continuous and animated change according to 
the predetermined sectional shape pattern to beformed, 
Light corresponding to the mask image is then applied 
to the shaping surface 5 to form one layer of photohard- 
ened resin layer having a predetermined sectional 
shape pattern to be formed (exposed image 6). 
[0070] In order to effect the continuous stereolitho- 
graphic building procedure shown in Figs. 4 and 5, it is 
preferred that the velocity of continuous movement of 
the light source 1 (or light transmitting unit 7), the con- 
densing lens 2, the image drawing mask 3 and the pro- 
jection lens 4 be predetermined constant and the inten- 
sity of light which has been transmitted by the image 
drawing mask S and the projection lens 4 to reach the 
shaping surface 5 shows no change during stereolitho- 
graphic building procedure to irradiate the shaping sur- 
face 5 with light at a constant dose at various sites on 
the sectional shape pattern (exposed image 6) during 
the formation of one layer of photohardened resin layer 
(exposed image 6) (continuous stereolithographic build- 
ing procedure). 



[0071] In accordance with the stereolithographic 
method of the invention involving stereolithographic 
building with animated and continuous change of the 
mask image of the image drawing mask S in synchro- 

5 nism with the continuous movement of the image draw- 
ing masks according to the sectional shape pattern on 
the photohardened resin layer (exposed image 6) to be 
formed, optically shaped products having various sizes 
ranging from small size to large size can be easily and 

10 smoothly produced with a high shaping precision using 
an image drawing mask 3 smaller than the predeter- 
mined sectional shape pattern (exposed image 6) while 
keeping the distance between adjacent minute dot are- 
as projected on the surface of the photohardenable res- 

15 in composition from the image drawing mask 3 small as 
can be seen in Figs. 4 and 5. Further, various parts (6a 
as shown in Fig. 4) on the exposed image 6 formed by 
irradiation with light (photohardened resin layer) are not 
cured merely by one time irradiation with light. The var- 

20 ious parts are continuously irradiated with light until 
these parts (e.g., part 6a) are completely scanned with 
the predetermined continuously changing animated pat- 
tern of light to form a photohardened resin layer. There- 
fore, in accordance with the method of the invention, 

25 even when the moving velocity of light during stereo- 
lithographic building is raised, thorough photohardena- 
ble can be effected, making it possible to produce a de- 
sired optically shaped product at a high productivity in 
a short period of time. Further, in accordance with the 

30 method of the invention , the dose of light incident on the 
various parts on the exposed image 6 formed (photo- 
hardened resin having a predetermined sectional shape 
pattern) can be uniformalized by the aforementioned 
continuous irradiation. Thus, this method is not subject 

35 to occurrence of discontinuity or nonuniformity in irradi- 
ation between adjacent irradiated parts as in the afore- 
mentioned related art technique involving irradiation 
with light with the image drawing mask 3 fixed. Accord- 
ingly, uniform spot-free irradiation with light can be ef- 

40 fected all over the sectional shape pattern, making it 
possible to provide an optically shaped product free of 
intensity spot having an enhanced dimensional preci- 
sion and shaping precision and a better external appear- 
ance. 

45 [0072] Moreover, in accordance with the method of 
the invention, the projected picture can be reduced to 
effect stereolithographic building, thereby raising the 
drawing resolution. Further, the reduction of the project- 
edpicture can exert an effect of raising the light intensity 
50 per unit area on the drawing portion and hence reducing 
the time required for irradiation on the irradiated area. 
Supposing that there is an image having a size of 250 
mm x 250 mm and an intensity of 1 mW/cm^ formed by 
one time irradiation of a photohardenable resin compe- 
ls sition having a curing sensitivity of 5 mJ, the time re- 
quired for irradiation is 5 seconds. When an exposed 
layer having the same area size as the aforementioned 
size 250 mm x 250 mm is finally formed from the quarter 
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size (125 mm x 125 mm) of this image (irradiated area) 
by tlie method of the invention (method which comprises 
effecting photohardenable with continuous movement 
of the image drawing mask and animated and continu- 
ous change of the masl< image in synchronism with the 
movement of the image drawing masl<), the resulting 
drawing resolution is four times that given by one time 
irradiation with the image drawing mask suspended 
(fixed). The intensity of light per unit area is four times 
(4mW/cm2) that given by onetime irradiation. The time 
required to expose the area of 250 mm x 250 mm con- 
tinuously with the movement of the image drawing mask 
is the same as that required for one time irradiation (5 
seconds). In other words, the execution of the method 
of the invention using a reduced optical system makes 
it possible to drastically enhance the shaping precision 
while keeping the shaping time equal to that required for 
one time irradiation with the image drawing mask sus- 
pended. 

« Example 1» 

[0073] Using a stereolithographic apparatus shown in 
Fig. 4 comprising a 150 W metal halide lamp as a light 
source 1 and a Type system VGA liquid crystal (800 x 
640 pixels) produced by SEIKO EPSON CORPORA- 
TION as an image drawing mask 3, a Type ADEKARA- 
SCURE HSX-V2 photohardenable resin composition 
(having a curing sensitivity of 5 mJ) produced by AS AH I 
DENKA KOGYO K.K. was irradiated with light in such a 
manner that the projected size on the shaping surface 
5 (surface of the photohardenable resin composition) is 
35 mm (direction of movement of apparatus) x 47 mm 
(direction perpendicular to the moving direction) (rec- 
tangular) and the light energy intensity on the shaping 
surface 5 is 1 mW/cm^ while the light source 1 , the con- 
densing lens 2, the image drawing mask 3 and the pro- 
jection lens 4 were being integrally moved continuously 
in parallel to the shaping surface 5 at a velocity of about 
7 mm/sec in the forward direction according to the meth- 
od shown in Fig. 4 with the mask image of the image 
drawing mask 3 formed by a liquid crystal being contin- 
uously changed according to the sectional shape pat- 
tern to be formed. As a result, a three-dimensionally 
shaped product (90 mm long x 80 mm wide x 15 mm 
thick) having a sectional shape pattern shown in Fig. 4 
was produced. In this stereolithographic building proc- 
ess, the irradiation time at various parts on the photo- 
hardened layer was 5 seconds, and the dose of light in- 
cident on the various parts was 5 mJ. In this manner, an 
optically shaped product free of uneven curing having 
an excellent dimensional precision and an excellent ex- 
ternal appearance and strength was smoothly produced 
at a high shaping rate. 

[0074] Moreover, in the embodiment, the light source 
and the image drawing mask is moved by the moving 

unit. However, the invention can be embodied in a state 
that the light source and the image drawing mask are 



fixed at a predetermined position, and the photoharden- 
able resin composition is moved so that the light source 
and the mask are moved relatively to the photoharden- 
able resin composition. In this case, the mask image of 
5 the image drawing mask may be changed in accordance 
with the movement of the photohardenable resin com- 
position. 

[0075] Of cause, both of the photohardenable resin 
composition and the set of the light source and the draw- 
ee ing mask may be configured to be mobile. 

[0076] As for the apparatus of the invention, the resin 
composition may be moved by connecting a moving unit 
to a table or the like on which the photohardenable resin 
composition is disposed. 
15 [0077] By moving the photohardenable resin compo- 
sition, the same advantages of the invention can be ob- 
tained. 

[0078] It should be noted that the light is not neces- 
sarily uniform over irradiating scope. However, as a re- 
20 suit of moving the Irradiating scope continuously with a 
uniform rate, a dose of the planar light at various sites 
on the predetermined sectional shape pattern becomes 
substantially the same. 

[0079] Specifically, in the above embodiment, the 
25 movement of the image drawing mask is continuous. Al- 
so, the mask image of the image drawing mask is con- 
tinuously changed. However, the invention is not limited 
by this feature. The movement of the image drawing 
mask may be intermittent so as to stop at predetermined 
30 positions. In accordance with the movement of the im- 
age drawing mask, the mask image may be changed 
intermittently. 

[0080] Further, although the condensing lens and the 
projection lens are provided in each of the foregoing em- 

35 bodiments, the invention can be embodied without pro- 
viding the condensing lens and the projection lens. 
[0081] The image drawing mask of the invention is not 
limited to those having a planar shape. The mask may 
beformedin a curved shape for instant. Further, thelight 

40 irradiated on the photohardenable resin composition is 
not limited to the planar light as long as the light consti- 
tutes an image data. 

[0082] As can be seen in the aforementioned descrip- 
tion, in accordance with the method of the invention, a 

45 high quality three-dimensionally shaped product having 
an excellent dimensional precision, strength and exter- 
nal appearance can be produced regardless of the size 
thereof, i.e., even if it is small-sized, middle-sized or 
large-sized, with a high shaping precision at a higher 

50 shaping rate and a better productivity than in the related 
arttechniquewhile preventing the occurrence of uneven 
curing. 

[0083] Further, in accordance with the method of the 
invention, a high quality three-dimensionally shaped 
55 productfree of uneven curing having a high shaping pre- 
cision can be smoothly at a high shaping rate even if an 

inexpensive light source such as ordinary ultraviolet 
lamp is used instead of expensive ultraviolet laser de- 
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5. A three-dimensional stereolithograpfiic apparatus 
comprising: 



Claims 

5 

1. Annetliodforfomning atliree-dimensionally sliaped 
product comprising the steps of: 

providing a layer of a photohardenable resin 
composition; io 
irradiating a surface of the photohardenable 
resin composition with a light through an image 
drawing mask to thereby form a photohardened 
resin layer; and 

effecting the foregoing steps repetitively to 15 
thereby form a predetermined three-dimen- 
sionally shaped product by stacking photohard- 6. 
ened resin layers; 

wherein the image drawing mask is moved 20 
substantially in parallel with the surface of the pho- 
tohardenable resin composition; 

the light is provided and the image drawing 
mask is capable of changing a mask image in syn- 7. 
chronism with a movement of the image drawing 25 
mask to thereby define a predetermined shape on 
the surface of the photohardenable resin composi- 
tion; 

whereby the photohardened resin layer hav- 
ing a predetermined sectional shape pattern is 30 8. 
formed. 

2. The three-dimensional stereolithographic method 
according to Claim 1, wherein the image drawing 
mask is provided with a plurality of minute optical 35 
shutters disposed two-dimensionally therein and 
capable of screening and passing light at minute dot 
areas, and 

the mask image is changed by the plurality of 
minute optical shutters according to the predeter- 40 9. 
mined sectional shape pattern to be formed. 

3. The three-dimensional stereolithographic method 
according to Claim 2, wherein the plurality of minute 
optical shutters are constituted by liquid crystal ^5 
shutters or digital micro mirror shutters disposed 10. 
two-dimensionally therein. 

4. The three-dimensional stereolithographic method 
according to any one of claims 1 to 3, wherein dur- so 
ing a formation of the photohardened resin having 
the predetermined sectional shape pattern, at least 
one of a rate of continuous movement of the image 
drawing mask and a changing mode of the mask 
image of the image drawing mask is adjusted such 55 
that a dose of the light at various sites on the pre- 
determined sectional shape pattern are substantial- 
ly the same. 



a photohardenable resin composition supply- 
ing unit for sequentially supplying one layer of 
photohardenable resin composition; 
a light source providing a light; 
an image drawing mask capable of changing 
the mask image; 

a moving unit for moving the image drawing 
mask substantially in parallel with a surface of 
the photohardenable resin composition; and 
a unitforchangingthe mask imageof the image 
drawing mask in synchronism with the move- 
ment of the image drawing mask. 

The three-dimensional stereolithographic appara- 
tus according to Claim 5, wherein the image draw- 
ingmask is provided with a plurality of minute optical 
shutters disposed two-dimensionally therein and 
capable of screening and passing light at a minute 
dot area. 

The three-dimensional stereolithographic appara- 
tus according to Claim 5 or 6, wherein the image 
drawing mask is provided with liquid crystal shutters 
or digital micro mirror shutters disposed two-dimen- 
sionally therein. 

The three-dimensional stereolithographic appara- 
tus according to any one of Claims 5 to 7, further 
comprising a condensing lens provided between 
the light source and the image drawing mask and a 
projection lens provided between the image draw- 
ing mask and the surface of the photohardenable 
resin composition, wherein the condensing lens 
and the projection lens are capable of moving in 
synchronism with the image drawing mask. 

The three-dimensional stereolithographic method 
according to any one of Claims 1 to 4, wherein a 
movement of the image drawing mask is continuous 
and the mask image of the image drawing mask is 
continuously changed. 

The three-dimensional stereolithographic appara- 
tus according to any one of Claims 5 to 8, wherein 
a movement of the image drawing mask is contin- 
uous and the mask image of the image drawing 
mask is continuously changed. 
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